Cargo terminals are the gateways for entrance of commodities into the transportation network. Therefore, locating them in optimal locations could have a major impact on the cost effectiveness and efficiency of transport, traffic safety and reduction in environmental pollutions. Due to the presence of a large number of parameters involved and the existing uncertainties, decision making in this field is a complex task. If the decision makers cannot reach an agreement on the method of defining linguistic variables based on the fuzzy sets, favorable results and more accurate modeling can be achieved by using the interval-valued fuzzy sets (IVFSs) which provide an additional degree of freedom to represent the uncertainty and fuzziness in the real world. This study presents a group fuzzy analytic hierarchy process (AHP) based on IVFSs (IVF-AHP), and its application to find the optimal location for the Ghaen (Qayenat) cargo terminal in Ghaen City, Iran. The results show that the proposed method is a reliable method in selecting the optimal location for cargo terminals.
INTRODUCTION 1
Existent suitable cargo terminal as the main gateway into the economic efficiency of the transportation network has an important role in economic efficiency of transportation, traffic safety and reducing environmental pollution. Selecting a suitable location for these terminals is important due to the high initial investment and operation costs of the future. There are several factors that should be considered simultaneously in locating the appropriate terminals. There are many stakeholders involved in this issue (government, private and public entities), some of which may not apply these criteria in their decision making, which may lead to wrong decisions. On the other hand, in the traditional approach to decision-making (without using engineering techniques) some criteria may not be considered or their uncertainties may not be applied correctly. Therefore, a framework is needed that is able to identify various decisions of individuals and stakeholders in the decision making process, evaluate the criteria based on their ideas and use them in decision making simultaneously. Multi-criteria decision making (MCDM) is one of the branches of Operations Research that investigates the decision-making problems by considering relevant decision-making criteria [1, 2] . The decision makers rank the available alternatives based on the effective criteria using MCDM methods. Different MCDM methods have been presented for solving decision making problems, the most important of which are Elimination and Choice Translating Reality (ELECTRE), [3, 4] ; Analytic Hierarchy Process (AHP), [5] ; Technique for Order Preference by Simulation of Ideal Solution (TOPSIS) [6, 7] ; Analytic Network Process (ANP), [8] ; and Vise Kriterijumska Optimizacija I Kompromisno Resenje (VIKOR), [9] [10] [11] . In this study, a fuzzy AHP method is presented based on the IVTFNs, which is named IVF-AHP. With the information uncertainty and inaccuracy considered, a new model for project evaluation and selection is proposed which it is combined with the fuzzy analytic hierarchy process (AHP). The proposed method is applied to select the optimal location for the Ghaen (Qayenat) cargo terminal in Ghaen City, Iran, as a case study. Section 2 presents literature review of the subject andSection 3 illustrates the IVFSs. Section 4 describes the IVF-AHP method for solving MCDM problems. In Sections 5 and 6, the application of IVF-AHP to a real case study is investigated. The conclusions are stated in Section 7. The proposed method provides a way to handle fuzzy multi-criteria group decision-making problems and to evaluate the qualities and weight of the attributes in complex situations.
LITERATURE REVIEW
The AHP, first introduced by [5] , is a MCDM method for solving MCDM problems by setting their priorities. This method uses precise numbers in the rating of alternatives. The AHP uses objective mathematics to process the subjective and personal preferences of an individual or a group in decision-making [12] . The AHP works on a premise that decision making of complex problems can be handled by structuring it into a simple and comprehensible hierarchical structure. Solution of the AHP hierarchical structure is obtained by synthesizing local and global preference weights to obtain the overall priority [5] . The classical MCDM methods such as AHP cannot handle problems with imprecise information effectively. One of the tools which has been used for transmission of uncertainties in decision-making problems during recent decades is the type-1 fuzzy sets (FSs) introduced by [13] . To date, many researchers have extended the AHP based on fuzzy sets (fuzzy AHP methods). The most important and earliest fuzzy AHP methods are summarized below. Van Laarhoven and Pedrycz [14] proposed the first study that applied the fuzzy logic principle to AHP. Buckley [15] initiated trapezoidal fuzzy numbers to express the decision maker's evaluation on alternatives with respect to each criterion while Van Laarhoven and Pedrcyz [14] have used triangular fuzzy numbers. Chang [16] introduced a new approach for handling fuzzy AHP with the use of triangular fuzzy numbers for pair-wise comparison scale of fuzzy AHP, and the use of the extent analysis method for the synthetic extent values of the pair-wise comparisons. Cheng [17] proposed a new algorithm for evaluating naval tactical missile systems by the fuzzy analytical hierarchy process based on grade value of membership function. Deng [18] presented a fuzzy approach for tackling qualitative multi-criteria analysis problems in a simple and straightforward manner. Others research works are extensions of the available methods [19] [20] [21] [22] . Fuzzy AHP methods have been used for a variety of specific applications in decision making problems by many researches, including hospital site selection [23] , selection of optimum underground mining method [24] , supplier selection in a washing machine company [25] and ranking suitable sites for irrigation with reclaimed water [26] . However, the application of the fuzzy AHP methods in locating the site for cargo terminal has not been reported in the literature. Lately, type-2 fuzzy sets (interval-valued fuzzy sets; IVFSs), introduced by [27, 28] 
INTERVAL-VALUED FUZZY SETS
The type-2 fuzzy sets concept, also known as IVFSs, was proposed by [27, 28] . IVFSs are useful in situations where it is not possible for a membership function of the type, μ:X→[0,1], to assign an exact value from the interval [0,1] to each element, X x Î , without losing some information [27, 28] . In these situations the membership degree is defined as a continuum of values ranging over the interval of [0,1] rather than an exact value selected from the interval [0,1]. The mathematical description of the type-2 fuzzy concept is as follows [28] : 
Definition 2.1. The addition, subtraction, multiplication and division operations between Ñ and M are defined as follows:
Definition 2. 2. Let:
We say: 
THE PROPOSED METHOD
The proposed method in this study is a group IVF-AHP method to solve MCDM problems. While determining precisely the degree of membership case by case is most difficult, it can be expressed as an interval of real numbers instead. Taking this into consideration, in this paper the importance of the weight of attributes and the rating of the decision alternatives with respect to attributes are pooled as linguistic variables, a concept very useful in dealing with situations that are too complex or ill-defined. Linguistic variables are then considered as IVTFNs by using some mathematical equations. Here, a questionnaire is used to pool the opinions of the experts. In order to receive their realistic opinions, an iterative technique of questioning with a consistency analysis is implemented. Decision making by using this method involves several essential steps as follows:
Step 1: Forming a committee for decision making, this committee involves experts and decision makers.
Step 2: The effective criteria in the decision-making problems are determined by using a comprehensive literature review and the opinions of experts. The potential alternatives are then proposed based on the determined criteria by experts.
Step 3 : The hierarchy diagram is a graphic representation of the decision problem in which the objective is in the highest level, criteria in intermediate, and alternatives in the lowest level.
Step 4: The experts' opinions regarding the importance or rating of decision element are pooled by using a questionnaire.
Step 5: According to the questionnaires, a comparison matrix is established based on each expert opinion for each decision element using the scale of Table 1 . Let El 1 , El 2 ,.…El n denote a set of decision elements. Their comparison matrix is defined as follows:
where ij b is a precise number that expresses the relative importance (or the relative rating) of element i (λ i ), over the relative importance (or the relative rating) of element j ( λ j ).The λ i and λ j are obtained from the linguistic judgments inserted in the questionnaires by the experts. Step 6: Following the above outlines, an interval valued fuzzy matrix, Ã can be calculated, based on all of the opinions of experts, as:
The TIVFNs ij x and 1 ij x -are used to represent the opinions of experts about each decision element. These TIVFNs are obtained as:
where,
ijk b indicates the relative importance (or the relative rating) of element i (λ i ), over the relative importance (or the relative rating) of element j (λ j ) based on opinion of expert k (calculated by Equations (11), (12) and (13)), and K is the number of experts involved in the decision making.
Step 7 : Convert the fuzzy comparison matrices (Equation (14)) into crisp comparison as follows:
where: Step 8: Analyze the consistency of each comparison matrix (Equation (22) where λ max is the largest value of the comparison matrix, n the dimension of the matrix and RI(n) a random index depending on n as shown in Table 2 .
The consistency of the matrix is acceptable only if CR is less than 10%. If a matrix results are inconsistent, it is then necessary to obtain new comparison judgments and new fuzzy comparison matrix. The matrix review must be continued until the consistency is satisfied.
Step 9: After the consistency is satisfied, the relative interval-valued fuzzy weights of decisions elements ) W ( i are calculated based on interval valued fuzzy matrix (see Equation(12)) as follows:
Step 10: The relative weights (local weights) of the decision elements ) W ( i which are non-fuzzy numbers are obtained as: Step 11: The relative weights of the decision elements (calculated in previous step) are aggregated according to Saaty's AHP, [8] to obtain the total weight and an overall rating for the alternatives. Each alternative with the higher weight has the higher priority.
CASE STUDY
One of the aims of this study is selecting an optimal site for a cargo terminal in Ghaen (Qayenat), located 110 km north of Birjand (the capital of South Khorasan province) in Iran. In order to decide on the optimal location for the cargo terminal, as the first step, the most effective attributes (criteria and sub-criteria) in the cargo terminal site selection were determined by conducting a comprehensive review of the literature and experts' opinions. Table 3 lists the selected attributes and a brief explanation about them is presented here. Local area (C 1 ): Includes: Non-adjacent to the city limits and urban development (S 1 ). Non-adjacent to the public centers (such as recreation centers, cultural heritage and tourism) (S 2 ). Adjacent to main road (S 3 ). Adjacent to convection networks, water distribution and gas station (S 4 ). Land Topography (C 2 ): Topography is very important due to heavy traffic and avoiding the risk of flooding and landslides, and it should be smooth, especially for cars traffic. Cost (C 3 ): Includes cost of land, energy and water supply and all costs associated with construction. The predominant direction of wind (C 4 ): This is important in transmission of noise and health in the city.
Environmental impact (C 5 ):
The environmental impact should be considered, especially in relation to cutting of trees. Expansion possibility in the future (C 6 ): Cargo terminal should be in a place to allow future development in terms of land costs, environmental damage, etc.
Distance from the cargo center (C 7 ): It is preferred that the distance from the main centers of cargo production is low. Considering the effective criteria chosen, by using the experts' opinions and the collected data, four potential cargo terminal sites (site 'A', 'B', 'C' and 'D') in the surrounding areas of Ghaen city were proposed. To determine the importance of the weight of the attributes and to rate the alternatives using the proposed method, a questionnaire was designed. Then,the four experts (E 1 , E 2 , E 3 and E 4 ) involved in this project were asked to express the importance of the weight of each attribute and the rating of alternatives with respect to each attribute using linguistic variables inserted in the questionnaires (Table 1) . Then, a consistency check was carried out. Where they were not satisfactory, the opinions were sent back to the experts. This process was repeated until the consistency check became acceptable. Table 4 shows the opinions of the experts on the importance weight of the attributes and the rating of the alternatives with respect to each attribute in the final repetition.The proposed method was then applied to select the optimal location. First, the hierarchical structure of the cargo terminal site selection problem was built. Figure 4 shows this structure with four levels: one objective (cargo terminal site selection), seven criteria (C 1 -C 7 ), four sub-criteria (S 1 -S 4 ) and four alternatives (A, B, C and D). Non-adjacent to the city limits and urban development S1
Local area C1
Non-adjacent to the public centers (such as recreation centers, cultural heritage and tourism) S2 Adjacent to main road S3 Adjacent to convection networks, water distribution and gas station S4 Land Topography C2 Cost
C3
The predominant direction of wind C4
Environmental destruction C5 Expansion possibility in the future C6
Distance from the cargo center C7 E4  E3  E2  E1  Sub-Criterion  E4  E3  E2  E1  Criterion  E4  E3  E2  E1  E4  E3  E2  E1  E4  E3  E2  E1 For example, the calculations for the alternatives with respect to C 2 are as follows:
The opinions of experts to determine the rating of the alternatives with respect to C 2 in the final repetition are collected according to row 4 and columns 11 to 26 in Table 4 .By using the scale of Table 1 and Equations (11), (12) and (13), the comparison matrices of the alternatives with respect to C 2 , based on each expert's opinion, are established according to Table 5 .
The interval-valued fuzzy matrix of alternatives with respect to C 2 is calculated as presented in Table 6 (see Equations (14) to (21)). The crisp comparison matrix of alternatives with respect to C 2 is calculated by Equations (22), (23) and (24) and the results are presented in Table 7 . The CR for this matrix is calculated using Equation (26) and the result is presented at the bottom of Table 6 . As can be observed, the value of the CRis less than 0.1.Thus, this matrixis consistent, and the judgments about the alternatives with respect to C 2 are acceptable. Similar calculations are made to obtain the crisp comparison matrices of criteria (using opinions inserted in columns 1 to 10 of Table 4), the crisp comparison matrices of sub-criteria (using opinions inserted in columns 1 to 10 of Table 4), the crisp comparison matrices of the alternatives with respect to the other criteria and sub-criteria (using opinions inserted in columns 11 to 26 of Table 4 ) and their CR values.The relative fuzzy weights of alternatives with respect to C 2 are calculated using Equations (27) and (28) .The results are presented in Table 8 .
Using Equation (29) As can be observed, the relative weight of alternative C with respect to C 2 ) W ( * 2 iC is higher than the other alternatives. Therefore, alternative C is the optimal alternative based on criterion C 2 . Similar calculations are made based on the opinions of the experts in the final repetition (inserted in Table4)to obtain the relative weight of the attributes and the rating alternatives with respect to the attributes. Table 9 shows the relative weights of criteria (see column 2), the relative weight of sib-criteria (see column 2) and the relative weight of alternatives with respect to each attribute (see columns 3, 4, 5 and 6). The total weight of each alternative resulted from the combination of the relative weights of the decision elements according to AHP is shown in the last row of this table. As can be seen, also in the last row, the four proposed sites were ranked "A", "B", "C" and "B", respectively. Therefore, alternative "A" is the optimal site for the cargo terminal of the Ghaen City, Iran. For example, the total weight of the alternative "A" is calculated according to AHP as follows: 
SENSITIVITY ANALYSIS
To test the sensitivity of the final ranks of the alternatives, a comprehensive sensitivity analysis is carried out on the importance of criteria and subcriteria. The effect of each criterion is tested by reducing separately, the weight of each criterion by one levels (i.e., from H to M).If the importance of C 1 , C 2 , C 4 , C 5 and C 7 is reduced by two levels, the priorities of the alternatives remain unchanged.If the importance of criterionC 3 is reduced by one level, D takes C's position in overall ranking and the priorities of other alternatives remain unchanged (see Figure 5a) .If the importance of criterion C 6 is reduced by one level, C takes B's position in overall ranking and the priorities of other alternatives remain unchanged (see Figure 5b) .It is noted that the effect of reducing the importance of each criterion has been reviewed separately.Sensitivity of the final ranks of the alternatives based on the sub-criteria weights is analyzed by systematically changing the proposed importance weights. If the importance of the sub-criteria (S 1 , S 2 , S 3 and S 4 ) is reduced by one level, the priorities of the alternatives remain unchanged. 
CONCLUSION
Selecting a suitable terminal site location is among those decisions that significantly affect city limits and urban development. In addition, the terminal construction is a hugely costly project and it must be constructed in a location that has more potential to offset the associated costs. Hence, extensive studies from various aspects must be carried out to select the best site. Given the dependence of this matter to different quantitative and qualitative parameters, decision making regarding the site selection is a complex task. In this paper, a method is proposed, based on interval-valued fuzzy sets (IVF-AHP method) that can provide a way to handle fuzzy multi-criteria group decision-making problems and evaluate the qualities and weights of the attributes in complex situations. Considering the underlying fuzziness, the IVF-AHP method provides favorable results in a more flexible and intelligent manner than traditional fuzzy sets. Therefore, this method is a suitable decision-making tool for solving MCDM problems. The method was applied to select the optimal site for a cargo terminal for Ghaen City, Iran, as a case study. After applying the proposed method, alternative "A" was identified as the optimal site. Although in this study the proposed method is illustrated by application to a cargo terminal site selection problem, it should be noted that the method is generic and can be applied also to rating problems in other areas.
